A. G. Contract No.KR902Z917TRD

ECS File: JPA-90-149

Project: HPR-3(018)/R0018 02P

Section: Semi-Arid Precipitation
Frequency Study

INTERGOVERNMENTAL AGREEMENT
BETWEEN
THE STATE OF ARIZONA
AND
THE YAVAPAI COUNTY FLOOD CONTROL DISTRICT

THIS AGREEMENT is entered into 3%% 1996/

pursuant to Arizona Revised Statutes, BSections 11~ 951 through
11-954, as amended, between the STATE OF ARIZONA, acting by and
through its DEPARTMENT OF TRANSPORTATION (the "State') and the
YAVAPAI COUNTY FLOOD CONTROL DISTRICT, acting by and through
its Board of Directors (the "Distriet").

I.. . RECITALS

1. The State is empowered by Arizona Revised Statutes
Section 28-108 (A) (13) to enter inte this agreement and has by
resolution, a copy of which is attached hereto and made a part
hereof, resolved to enter into this agreement and has delegated
to the undersigned the authority to execute this agreement on
behalf of the State.

2, The Digtrict is empowered by Arizona Revised Statutes
Section 48-3603 to enter into this agreement and has by
resolution, a copy of which is attached hereto and made a part
hereof, resolved to enter into this agreement and has
authorized the undersigned to execute this agreement on behalf
of the District.

3. The State and the District desire to participate in a
research study sponsored by the U.S. Department of Commerce,
National Oceanic and Atmospheric Administration  (NOAA),
entitled "Semi-Arid Precipitation Freguency Study"”. This study
will provide the basic information to determine  the
characteristics of the Standard Storm. The Standard Storm will
provide the County and the State basic flood design information
for bridge, highway and culvert sizing. A detailed NOAA
problem/research objective (revised 02/91) is attached. The
study, hereinafter referred to as the Project, is estimated to
cost $180,000.

THEREFQRE, in consideration of the mutual agreements expressed
herein, it is agreed as follows:
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I. QFE _OF RK
1. The State will:

a. Be the lead agency for the Project in the state.
Participate by contract with the NOAA in the funding of the
study, and with other Arizona political subdivisions in funding
and accomplishing the Project.

b. Provide the DPistrict with copiles of progress
reports and such other related documents as available and
appropriate.

c. Invoice the District for its portion of the Project
costs in the amount of $10,000.00.

2. The District will:

a. Participate in the Project in the amount of
$10,000.00.

b. Reimburse the State within thirty (30) days after
receipt and approval of an invoice.

III. MISCELLANEOUS PROVISIONS

1, This agreement shall remain in force and effect until
completion of said Project; provided, however, that this
agreement may be cancelled at any time prior to the
commencement of the Project, upon thirty (30) days written
notice to the other party.

2. This agreement shall become effective upon filing with
the Secretary of State.

3. This agreement may be cancelled in accordance with
Arizona Revised Statutes Section 38-511.

4, The provisions of Arizona Revised Statutes Section
35-~214 are applicable te this contract.

5. In the event of any controversy which may arise out of
this agreement, the parties hereto agree to abide by required
arbitration as is set forth for public works contracts in
Arizona Revised Statutes Section 12-1518(B) and (Q).
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6. All notices or demands upon any party to this
agreement shall be in writing and shall be delivered in person
or sent by mail addressed as follows:

Arizona Department of Transportation
Joint Project Administration

205 South 17 Avenue, Room 118E
Phoenix, AZ 85007

Yavapai County Flood Control District
Digtrict Administrator

255 East Gurley Street

Prescott, AZ 86301

7. Attached hereto and incorporated herein is a copy of
the written determination of each party's legal counsel that
the parties are authorized under the laws of this state to
enter into this agreement and that the agreement is in proper
form.

IN WITNESS WHEREOF, the parties have executed this agreement
the day and year first above written.

YAVAPAT COUNTY FLOOD CONTROL STATE OF ARIZONA

DISTRICT Department of Transportation

Bxf§§;f757'ﬁ;ézz;éa%;ﬁﬁzﬁfg'_ K A ¢F [ amm gy §
BILL FELDMEIER HARRY A. REEH, Director
Chairman, Yavapai County Transportation Planning
Flood Control District Division

Board of Directors
ATTEST:

By_(dtiot - C Lol Qcm.(m-‘t;uac:g_
ANN-LAWRIE AISA
Clerk of the Board
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RESOLUTION

BE IT RESOLVED on this 26th day of October 1990, that I, JAMES
5. CREEDON, as Acting Director of the Arizona Department of
Transportation, have determined that it is in the best
interests of the State of Arizona that the Department of
Trangportation, acting by and through the Transportation
Planning Division, to enter into an agreement with the Yavapail
County Flood Control District, for the purpose of defining
responsibilities for the participation in a U.S. Department of
Commerce, National Oceanic and Atmospheric Administration
"Semi-Arid Precipitation Freguency Study™”.

Therefore, authorization is hereby granted to draft said
agreements which, upon completion, shall be submitted for
approval and execution by the Transportation Planning Division
Director.

/QMV

JAMES S. CREEDON,
Acting Director
Arizona Department of
Transportation

12033/2
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APPROVAL OF THE YAVAPAI COUNTY ATTORNEY

I  have reviewed the above referenced proposed
intergovernmental agreement, between the DEPARTMENT OF
TRANSPORTATION, HIGHWAYS DIVISION, and YAVAPAI

L Flemd cowifoc Desiesc 7
COUNTY and declare this agreement to be in proper form and within
the powers and authority granied to the-Geunty under the laws of the
Ly "i“-"r 7L

State of Arizona.

DATED this _257% day of _fe<. 19960
. this ay of _fetongey | o
-’Z,r g ¢ .

County Attorney

1979j



Attorney Beneral
275 WEST WASHINGTON

Fhoenix, Arizona 85007

Rofest By Parbivy

Grant Woods

INTERGOVERNMENTAL AGREEMENT

DETERMINATION

A. G. Contract No.KRr90-2917TRD ; an agreement

between public agencies, has been reviewed pursuant to
A.R.S5. § 11-952, as amended, by the undersigned Assistant
Attorney General who has determined that it is in the proper
form and is within the powers and authority granted to the
State of Arizona.

Wo opinion is expressed as to the authority of the
remaining parties, other than the State or its agencies, to

enter into said agreement¥¢

DATED this ggé-"day of )Qui\*'"" ., 1991.
: )

GRANT WOODS
Atbtorney General

RPNy S

JAMES R. REDPATH V
Assistant Attorney General

Transportation Section




SEMI-ARID PRECIPITATION FREQUENCY STUDY

Unsolicited Proposal
for the States of
Arizona, Utah, Nevada and New Mexico

July 1990
(Revised Februan 1991)

WATER MANAGEMENT INFORMATION DIVISION
OFFICE OF BYDROLOGY
NATIONAL WEATHER SERVICE
SILVER SPRING, MARYLAND



SEMI-ARID PRECIPITATION FREQUENCY STUDY

I. PROBLEM STATEMENT

Current precipitation frequency data as represented in NOAA Atlas 2 (1973) for the 11
western states has been questioned in a number of areas. The National Weather
Service (NWS) intends to review available data from all sources (Federal, State, local,
and private), consider current statistical practice and techniques, and provide an
updated report covering the semi-arid states of Arizona, Nevada, New Mexico, Utah,
southeastern California, and western Texas. The product would be available as an atlas
and in digitized format for ease in hydrologic applications.

NOAA Atlas 2 was based on available data through the mid- to late 1960's. The
period of record for hourly data was relatively short. Only 73 recording raingages for
all 11 western states had records of more than 30 years. Repression techniques
developed for these studies required extensive manual caleulation of data, Relations for
durations Jess than 6 hours were not well founded and durations longer than 24 hours
are not available. Depth-area and depth-duration relations were based on studies for
other parts of the country. A lack of data did not allow for extensive studies of the
relation between terrain and precipitation. These are all topics that will be addressed
in the proposed NWS study,

The NWS has a long history of experience and expertise in precipitation-frequency
analyses and in this study intends to add to this background by including studies of the
fundamental distributions and fitting procedures used in the past as well as those
currently available. Tt is important to consider state of the art technigues in a study
that will receive nationwide atiention and appiication.  An adjunct 10 the studv wil] be
the involvement of an Independsm Advisory Group 1o review all aspecis of the
proposed swdy. The advisors tzam will ke drawn from the private and public secior
and inciude hvdrological. siatistical. and warer resources discipiines.

II. RESEARCH OBJECTIVE

The purpose of this study is 10 determine annual and seasonal precipitation frequencies
from 5 minutes 1o 10 davs for 2 10 100 vears. The study results will be published as a
NWS report and made available also as a digital file.

The research will review and process all available rainfall data for the homogeneous
region of Arizona, Nevada, New Mexico, Utah, southeastern California, and western
Texas and utilize accepted statistical methods It js recognized that the rainfall data as
archived by the National Climatic Data Center (NCDC) may not be adequate 10
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accomplish the objectives of this research. Therefore, local, State, and Federal
networks that are not compiled by the NCDC, will be added to the NCDC data to
define frequency relations, local variations, as well as to provide details with regard to
depth-area, depth-duration variations, seasonal and terrain relations.

New statistical techniques for the development of frequency distributions and objective
spatial analysis developed over the past 30 years will be evaluated and used for the new
frequency relations. The extensive adoption of automated procedures by hydrologists,
engineers, and others requires that the results of these efforts be made available in a
machine compatible format. Therefore, an additional effort will be directed at
producing a digital file that is adaptable to most uvsers.

IIT. BACKGROUND

The first national precipitation-frequency atlas for durations up to 24 hours for the
contiguous United States was prepared by Yarnell in 1935, Subsequently, this work was
updated by the National Weather Service beginning in the 1950's. Currently, the NWS
has ten reports which provide the standards for precipitation-frequency relations for the
50 states, Puerto Rico, and the Virgin Islands for durations from S minutes to 10 days.
For some of these reports additional data has been collected for another 30 vears.

The NWS recognized the need to review these publications. About two years ago the
NWS began a pilot study of the precipitation-frequency relations in Pennsylvania and
West Virginia with funding from the Soil Conservation Service. Some preliminary
results are now available. The best available extreme-value distribution for precipitation
up to the 1970's was the Gumbel extreme-value distribution using a Weibull {itting
formula. Recent suatistical advances have brought new techniques to test data and
frequency distributions. as well as provided better fiuing 1echniques. The prejiminary
results from Pennsvivania and West Virginia using these techniques indicate that the
Generalized Extreme Value (GEV) disiribution better describes the frequency
distribution for precipitation than dess the Gumbs!l. The Gumbel is a special case of
the GEV distibution. Fiuing technigues have improved over the vears with the
Method of Momen:s teing used in the 1970°s ang the Probabiiitv Weichied Moments
(PWn) and L-Moment fiuing techniques being more recent developments  These new
fiting techniques are better able 10 uiilize the shorier periods of record which arz ohien
a major problem in meieorology and hyvdrology. In addition, the techniques are also
useful in the quality-control of data. Objective analysis schemes are also being explored

to analyze isolines and to develop relations between the topography and precipiiation
frequency.
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IV. WORK PLAN:

The review and revision of precipitation frequency information in the semi-arid
southwestern states of Arizona, Nevada, New Mexico, Utah, southeastern California,
and western Texas involves the following specific tasks. Some of the tasks need to be
worked in sequence because of dependence on results from earlier tasks, some can be
considered concurrently. The time table included at the end of the task descriptions
(page 13) provides an indication of how the tasks will be managed. A brief discussion
of the budget is presented in Section VIII, followed by a breakdown of costs according
to the various tasks and other charges.

TASK 1
a) Data Collection b) Qualitv Control

A. Background

Some 20 years or more of data have accumulated since the completion of
NOAA Atlas 2. In addition many stations that were not considered in that
publication because of short records, now have as much as 30-40 vears of useful
records available. Furthermore, unknown quantities of supplemental data exist
as a result of networks and stations maintained by Federal, State, county and
private agencies, and not archived in NCDC. The attermnpt will be made 1o
obtain the precipitation data from the northern portions of Sonora, Mexico.

B. Analyses

Both daily and hourly data wil] be used, and where available 15-minute data
will be collected for use in short-Guration relations. as well as other data of

1 hour or less collected by the NWS or within special nerworks. Because of
interest in times of special flooding as well as a need for maximum values, the
data will be sorted by month,

An attemp: will be made to determine the quantity of reievant data avzilubie
and bring it together in a consistent data base. To this end. use will pe made
of the knowiedee and capabilities of Siate Ciimatoiogists 10 determine what
information exists and how and from whom it may be obtained.

Database will be organized into three groups:

1) NWS precipitation gages (recording and non recording) used in NOAA
Atlas 2 and those that could be emploved in this analvsis,
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2) non-NWS precipitation gages and records not used in NOAA Atlas 2 that
have data of sufficient length to test the old maps and to use in a new analysis,
and

3) precipitation gages (both NWS and non-NWS) with records too short (less
than 15 years after 1970} to evaluate return periods, but which could be
employed in the analysis of events of interest, and eventually will have archived
data for future analyses.

Seasonal distribution of precipitation for all durations will be examined. This
requires careful attention to the definition of seasons in the semi-arid region of
the Southwest. Quite likely the traditional definition of seasons {summer,
winter, fall, spring) may not be applicable. In the Southwest it may be more
appropriate to define a monsoonal season, rather than a summer or warm
season. The seasonal definition may also be different for various sections
within the region.

The seasonal definition probably varies as a function of the duration of the
events being investigated. For example short-duration convective storms of

6 hours or less most likely occur most frequently from May through October.
However, storms with a duration of 10 days or more most likely occur from
October through April. Thus, there may be some overiap of months depending
upon the duration of the storms being investigated. Delineation of season must
be accomplished early during the data processing period to ensure that the data
to be used in the frequency analvsis is properly archived in the beginning.
These decisions will be made in concert with the NWS. State Climatclogisis,
State participants, and the Independent Advisory Group.

Of considerable imporiance is the need for quaiity control of the collecizd data.
Procedures will be applied 10 the auviomated routine used in processine ihs
daia that will search for unusuaj extremes and note both missing and
accumulated precipitation periods. The gspree of gualin control thai exisis in
these dara is unitnown and quite likelv varies considerabiv bemween vanoys
sources.  bven the data archived ovine NCDC need 10 be searched 1o
punching or other errors,

The effort 10 process these data ino a useable data base is of major
importance to the overall reliability of the final product. It is understandabie,
therefore that this portion of the study will be given deliberate attention, as
well as adequate time allotied, to accomplish this goal.



C. Product

A data base of all-available precipitation data for stations in the semi-arid
southwestern states and the immediate surroundings will be created by this task.

TASK 2
Frequency Distribution/Fittine Studies

A. Background

The NWS has provided many studies of precipitation frequency over a period
of some 35 years, and almost all these studies have been based on the Gumbel
distribution (Fisher-Tippett Type 1) fitted by the Gumbel fitting procedure
(Weibull Plotting positions). Through the last 20-30 years, much research has
described other statistical distributions and fitting techniques, each with an
application to a particular type of data or location.

B. Analysis

It is important that in a major review, such as proposed herein, consideration
be given to these recent developments, and an attempt made to incorporate
any improvements that are real and can be supported. This task will select
from the extensive literature those distributions and fitting procedures that
appedr most applicable. Some of these are the Generalized Extreme Value
{(GEV), the Pearson III, Generalized Log-Normal, the Gamma, the Generalized
Pareto, Generalized Logistic distributions, and the L-moment, method of
moments. and other fitting procedures. as examples. Tests and comparisons

will be made 1o evaluaie the application of each 10 the daia from the region of
study.

Results from a pilot swdy 10 update the precipitation-freguency data in the
ennsylvania-West Virginia area have provided much insight into recen:
statisticai techniques and many of the probiems ihat can be expected in a stugs
of the precipitation-irequency reiations for a revion or a siate. Some of the
conclusions are: 1) problems in the reduction of data have been recognized
and improved sofiware will be deveioped for future work; and 1) the new
statistical techniques provide improved ways of handling outliers in the data;
3) procedures for the quality control of precipitation data have been identified:
4) L-moment statistics, which is an evolution of probabilitv-weighted moments.
will be used for future frequency studies; 5) techniques for selecting the
frequency distribution which best fits the data for an area have been developed
and tested using L-moment statistics and other techniques.



This task will draw on the expertise of the Independent Advisory Group, State
Climatologist, and state participants to guide the NWS toward the best solution
in this area. Thought needs to be given to the benefits/drawbacks involved in
solutions that result in regional variations between selected distributions and
fitting procedures. This consideration may require sample tests be made in
other regions outside the southwest. In the event different distributions are
accepted, a discussion of boundary differences will be needed., Inter-regional
consistency is important, but sometimes this can be mitigated by judicious
choice of regional boundaries (e.g., consistent with major drainage limits).

C. Product

The outcome of this task will be the selection of a frequency distribution and
fitting technique best suited to the precipitation data to be used in this study
region.

TASK 3
Short—Duration Relations

A. Background

Short-duration information (durations of less than 1 hour) is valuable in the
design for small-area structures, such as, drains, culverts, collections, and other
similar hyvdraulic structures. Presently, NOAA Atlas 2 provides ratios adapted
from a national averape for durations of less than 1 hour. Other preliminary
work by Frederick and Miller (1979) and Arkell and Richards {1986} shows that
the ratio of rainfall less than 1 hour is different in the West from that in the
East (Frederick et al. 1977). and that these ratios likelv vary throughout the
West.

B. Anaivsis

It is necessary 10 aevelop relations berween 1 hour and shorter durations

Only limited digitized dama zre avaiiabie for this analvsis. These daia sources
include: 1) 15 minute and shorier periods available from Fischer-Porier rages
as part of the national nenvork maintained by the NWS; 2) special shori-
duration data from NWS first-order weather stations for intense stormis;

3) break-point data from special dense raingage networks maintained by the
Agricultural Research Service: and 4) short-duration data captured and archived

by a varierv of other Federal agencies, and Jocal and state governments.
When analvzing these data we must be careful to maintain the spatial continuiy

of the meteorology of the data sets. For example, data from east of the
Rockies will be usefu! for those regions east of the Rockies, but would probably
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not be applicable to areas west of the Rockies. The major reasons for this are
the difference in the moisture sources and the types of weather associated with
the event. These homogeneous regions must be defined in the early part of the
analysis. Special attention will also be paid to urban areas, if sufficient data

exists, to determine if there are any differences in the intensity of rainfall in the
downstorm direction.

Many of the storms will be due o convective activity. Another natural
stratification of the data will be to determine if there are any differences in the
temporal distribution of precipitation with height.

C. Product

The final products of these studies will be ratios or maps of ratios that can be

applied to the 1-hour duration data 10 determine the frequency distribution of
durations of less than 1 hour,

TASK 4
a) Algorithm/Data Plot {Alrorithm Development/Anpplication)

A. Background

For frequency calculations, not all portions of the semi-arid southwest are
adequately represented by data. Therefore, it is important to develop

algorithms or relations that are based on data-rich areas to be used in data-
poor areas.

B. Analysis

significantly throughout the recion, An oblective technique is pesded 1hat will

Previous studies show that the geographical distribution of gagine stations \aries

aliow the anaivst or the compuier 10 provide & consistent ruie nroughour,
Investigation of precipitation-terrain rejations will be made in data-rich areas 1
develop algorithms for use in those regions where there are litle or p
A series of lopographic andier meteorological variables are ofien saject
apply in such swdies. These couid inciude distance from moisture sources.

easonality, slope, elevation, height above an arbitrary level, distance from a
barrier, ete,, as examples. Other data that will be investigated are satellite

climatologies providing added definitions about the distribution of precipitation
and thunderstorms in data-poor regions.

Q
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This task will be coordinated with both the State Climatologists for their
knowledge of local variations and anomalies, and the Independent Advisory
Group for their experience and recommendations.

C. Product

The most important product in this task is the set of precipitation-terrain
relations that apply in data-sparse regions.

b) Erequency Calculations and ¢} Alrorithm Calculations

A. Background

Once the data base has been established in task number 1, and the various
relations determined as in tasks number 2 to 4, the data will be processed to
obtain various outputs,

B. Analysis

Precipitation frequency values for durations between 5 minutes and 10 days at
return periods between 2 and 100 years will be calculated for all stations within
and surrounding the semi-arid region. Results will be obtained both monthly
and on a maximum annual basis, Consideration will be given in the digital
process 1o establish routines that will allow bi-monthly or weekly products, if
needed, 1o be computed. However these decisions must be made in the
beginning, so data-processing costs do not become 16o expensive.

The results will be examined for Inconsisiencies. errors, or meteorological
unreasonableness. An important par: of the study is 1o provide information
that makes sznse and can bs supported by meteorological experience and
weory. Local judement will be inciudad cefore these results are confirmed,
This is a final form of gualin conirol,

C. Produc:

The product from this 1ask will be a consistent se1 of precipitation frequency
values and relations.



d) Final Adjustments (Frequency Relation)

A. Background

After all the frequency values are calculated, the spatial analysis of these values
will begin. Algorithms will be used to develop relations between the
precipitation frequency data and the underlying terrain. Further smoothing will
be provided by regionalization of the frequency relations. This ensures that the
frequency relations within a region are homogeneous and account for any
unusual singular points in the data set and the underlying terrain.

B. Analysis

For selected durations and return periods (e.g., 2-yr 1-hr, 2-yr 24-hr, 2-vr 10-day
and comparable 100-yr values), the calculated frequency values will be piotted
and an objective spatial analysis program will be used to analyze the results.
These analyses will be reviewed for internal consistency, known Jocal effects,
meteorological reasonableness, and to develop any supplemental hard copy
analyses. The objective spatial analysis program will regionalize the data,
providing a smoother final analysis that will account for the underlying terrain.

Seasonal relations can be developed for selected frequency/return periods either
by month or by mid-season month, or seasonal average. Tests will be made 1o
provide comparative information that will allow the best relation to be chosen.

Comparisons will also be made to other indices. such as runoff.

C. Product

The produc: trom these studies will be o st oi frequency maps ai i2ast for ihe
annual maximum creciphation for durations prebabiv from 1 hour o 10 davs.
10T various rewrn frequencies up o (00 vears. These Irequency mans Wi
provide ihe deii of the effects or terrain. Relations will be uihen to ralate the
iI-hour daw 10 smalier durations for ceneral storms. and either o set of maps (-
relations in table form will be given 10 reiate 1he annuai maximum values o
seasons.  As part of this tesk. the method of presentation will be examinzd 1o
determine if alternate methods of presentation of the frequency relations are
possible. Final decisions will be made after consulting with the Independent
Advisory Group. the State Climatologists, and the states involved with the
project.



TASK 5
Spatial/Temporal Relations (Depth-Duration and Depth-Area Studies)

A. Background

These studies will be divided into two parts. The first part will examine depth-
durations or mass curves for durations of 1 hour or less and depth-area curves
for area sizes of 100 miles? or less. Such relations provide information for use
over small areas and for short durations, and concentrate on local
thunderstorms. The focus of the second part of the study will be on depth-
duration curves from 1 hour through 10 days, and the depth-area results will
explore areas of 500 miles® or greater. These results will give details about the
longer duration and more generalized storms. This data base will develop

information from convective storms, tropical storms and general storms.
B. Analysis

The depth-duration studies for small-area storms will concentrate on convective
storms to identify the maximum intensity of rainfall in periods of 1 hour or less.
A family of meteorologically consistent mass curves will be prepared. The data
base will contain rainfall for periods of less than 1 hour. Arkell and Richards
(1986) and Frederick and Miller (1979) have shown that there are different
subregions within the area. As a result, special attention must be paid to
define the homogenous subregions. If sufficient data exists, urban areas will be
examined to determine if there are any differences in the intensity of rainfall
downstorm of the citv.  Another natural stratification of the data will be 10
determine if there are any differences in the temporal distribution of
precipitation with eievation.

Depth-area relation for areas up 10 100 miies” are also imporan: in the desien
of small aren hvéraulic siruciures. The daia from the dense raingage n2morkes
will be utlized 1o deveiop dezpih-aren curves [of durations stom ool
if possibie. 10 24 hours for arsas up o 100 mijes

3]

3
=
to

In addivon 10 shori-Curalion. simali-area relauons. iv 18 imporiant ihat ceoih-
duration and depin-area cunes be estabiished {or duration from 1 hour 1o 1
days. and for areas greater than 500 miles® The data base for this analysis will
be derived from the extreme events identified in the data processing procedure.
This will include data from the NWS national nerwork, and data from the
various dense raingage networks and the individual stations of various Federal,
state, Jocal, and private groups.
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The depth-duration or temporal analysis of the data will follow the scheme
developed by Huff (1967) and Huff and Vogel (1976) which identifies families
of mass curves. These families of curves provides a range of meteorologically
possible non-dimensiona) mass curves, showing the median and the extreme
possible mass curves that can occur. Durations for this analysis will range from
1 hour up to 10 days. Consequently, a series of non-dimensional mass curves
will be assembled that will encompass this wide variation of durations. The
analysis will provide extreme point estimates and consider areal-averaged mass
curves. For this semi-arid area of the United States there will be differences
between convective storms and general storms, the data will be stratified to
identify these differences. It will also be necessary to identify any regional
variations and differences with elevation.

C. Products

The final products of these smali-area, short-duration studies will be relations
that can be plotted and smoothed for use in small-area design problems.

Area-depth curves will also be derived for areas greater than 500 miles®. If
possible, a family of curves will be developed to show the extreme area-depths
that are possible. These curves will be stratified by duration and area size to
maximize the utility for design purposes. A smoothed set of curves will also be
generated for generalized results. Regional and elevation variations will be
identified, and curves will be generated to distinguish between peneral storms.

tropical storms and convective storms where such stratifications are possible and
meteorologicallv reasonable.

ramilies of mass curves and area-depth curves will be generated and dispiaved
as a function of the duration and area size. If the dawa permits. the analvsis
will aiso be dispiaved by storm npe and zlavarion.

TASK &
Deliverabies ta» Atlas 1n PC Packaee: ¢ Final Report .

This study will produce a tinal report that will be pubiished in one of the
NOAA series with initial distribution according 10 a maiiing list developed by
the NWS and the panticipants. Further distribution will be made through NTIS
and from a reserve supplv maintained by the NWS,

H

The report will contain detailed discussion of the data and procedures used to
obtain precipitation frequency values along with background and information
about studies made 10 arrive at these conclusions Maps of analyzed results
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will be provided along with graphical relations needed to obtain intermediate
values. Seasonal variation, depth-area distribution, and the temporal
distribution of rainfall in extreme storms will be discussed, and graphs and
figures appropriate to defining these results for the region will be given.

In addition, and unique to this study, a digital file will be created so that the
results at any location in the region and the data bases can be obtained. It is
intended that the digital file will be a practical solution to most field users
needs, particularly those who make continual reference to these data, or wish to
incorporate these results into some larger computational routine.

Note: The digital file will be in the GIS form.



